The c-type intermolecular out-of-plane bend of Ar,HCl has been observed at 45.2 cm-', completing the high resolution far infrared measurements of the three lowest-lying Ar,HCl bending states which correlate to the i= 1 internal rotational state of the HCl monomer. The rotational and nuclear quadrupole hyperfine structures indicate the existence of a Coriolis perturbation. The perturbing state is postulated to be a heavy-atom stretching overtone that is very nearly degenerate with the out-of-plane bend. A partial reassignment of the previously reported [J. Chem. Phys. 95, 3182 ( 1991)] Ar,HCl in-plane bend is presented and a treatment of Coriolis effects between the in-plane and B bends is discussed. Comparison with dynamically rigorous calculations presented in the accompanying paper [J. Chem. Phys. 98, 5337 (1993)] indicate substantial three-body contributions to the intermolecular potential, which should be determinable from the data presented in this paper.
INTRODUCTION
The investigation of many-body effects in intermolecular interactions has assumed increasing prominence as modern experimental and computational technology has progressed such that it is now possible to begin to address the details of condensed phases of matter. Although the literature of the last several decades is replete with both experimental and theoretical studies of many-body effects, modem ab initio calculations have shown that most such work has seriously underestimated the complexity of the problem. For example, Chalasinski and co-workers have undertaken several ab initio (supermolecular MollerPlesset perturbation theory) studies of three-and fourbody effects in several van der Waals clusters and have found that the size and form of many-body terms in the potential are strongly system dependent. These calculations have also shown that hydrogen-bonded systems [such as (H,O)s, (HF),, (HCl),, and (NH3)3] display large three-body effects ( -10% of pairwise contributions) and that these effects are well approximated by a single term in the perturbation expansion. 1,2 Conversely, more weakly bound systems (such as Ars, Ar2H20, and Ar,HCl) are expected to show smaller three-body effects that cannot be well approximated by single terms in the perturbation expansion3-' thus potentially making such effects more difficult to determine. Cooper and Hutson have investigated representative models for three-body dispersion, induction, and short-range forces for the Ar, system in an effort to determine the effects of these interactions on the molecular energy levels.
The experimental and theoretical techniques presently being used to address many-body forces have been successfully applied to several prototypical binary systems: i.e., ArHCl, ArHF, ArH20, and ArNH3.7-*0 Such binary van der Waals complexes have been the subject of intense experimental study by high resolution microwave," far infrared, l2 and near infraredi spectroscopy. In particular, the measurement of the low-lying intermolecular vibrations of these complexes has proven to be the most important experimental data, since these motions sample an extensive region of the intermolecular potential energy surface. Therefore, these data, in combination with efficient computational techniques, have permitted the determination of accurate global intermolecular potential surfaces for several of these systems. Although the qualitative details of these surfaces have been firmly established, their quantitative accuracy is critically important for the purpose of the determination of many-body forces, as these effects will be manifested as small deviations from pairwise additivity. Rare-gas dimers clustered with the hydrogen halides are an obvious choice for the study of three-body effects since the rare-gas pair potentials have been well determined by a variety of experimental techniques, and the rare-gashydrogen halide systems have been the corresponding prototypes for anisotropic pair interactions. Of these systems, the ArHCl potential is one of the most thoroughly characterized. Recently, Hutson,' fit all existing microwave, far infrared, and near infrared data for several ArHCl isotopes to a potential that was explicitly dependent on the HCl monomer vibration.
The new potential [denoted H6(4,3,0) ] certainly represents one of the most accurate existing anisotropic potential energy surfaces, although the most recent far infrared spectroscopic studies have shown that small, yet significant, inaccuracies may exist in the secondary minimum region of the potential.14 For the reasons discussed above, recent work conceming the effects of many-body forces in intermolecular forces has largely centered around the Ar,HX systems, '5-'9 with the Ar,HCl complex receiving the most extensive experimental and theoretical scrutiny. The eventual goal of this work is to measure all spectroscopically accessible states of Ar,HCl and thus ultimately characterize the full intermolecular potential energy surface, thereby deducing from the form of three-body effects. Towards that end, we have pre-viously reported the measurement of two intermolecular vibration-rotation bands using far infrared laser spectroscopy. r6-" These vibrations (and the one reported in the present work) are best understood by considering the HCl subunit as a nearly free rotor. In this case, the lowest-lying intermolecular bending states correlate to the j= 1 internal rotational state of the HCI monomer. The intermolecular potential serves to split the threefold spatial degeneracy of the HCI j= 1 rotational state, resulting in three unique bending states. Following the notation of Cooper and Hutson,2o these states are identified as the B bend (by analogy to ArHCl) and the in-plane and out-of-plane bends (which correspond to the two components of the Il bend of ArHCl). In order to prevent any possible confusion, it should be noted that in previously reported work, we have referred to the Z bend as the parallel bend. In the present work, we report a partial reassignment of the in-plane bend, an estimate of the effect of Coriolis mixing between the in-plane bend and the B bend, and the measurement and analysis of the third j= 1 state, the out-of-plane bend.
EXPERIMENT
The far infrared vibration-rotation-tunneling spectra of Ar2HC1 were observed in a continuous supersonic planar jet expansion probed by a tunable far infrared laser spectrometer. The spectrometer has been described in detail previously21'22 so only a brief description here will follow. The tunable far infrared radiation is generated by mixing an optically pumped line-tunable far infrared gas laser with continuously tunable frequency modulated microwaves in a Schottky barrier diode to generate light at the sum and difference frequencies (Y= ~nrn f vIMw) . The tunable radiation is separated from the much stronger fixed frequency radiation with a Michelson polarizing interferometer and is then directed to multipass optics which encompass the supersonic expansion. After passing -10 times through the expansion, the radiation is detected by a liquid helium cooled Putley-mode InSb detector and the signal is demodulated at 2f by a lock-in amplifier. Ar, [HCl] , clusters were produced by continuously expanding a 0.5% HCl in argon mixture at a stagnation pressure of 2 atm through a 10 cm by 25 pm slit nozzle planar jet into a vacuum chamber pumped by a 1200 l/s Roots pump. The following far infrared lasers provided the fixed frequency radiation:
1299.9954 GHz CH30D, and 1397.1186 GHz CH2F2. The unstabilized far infrared laser is typically characterized by a short-term frequency drift of < 100 kHz and a long-term drift of ca. 1 MHz. However, the 1397 GHz CH2F2 laser exhibited an unusually large long-term frequency drift ( -10 MHz) and consequently all absorption features were measured in reference to the J= l-2; F=3/2+ l/2 transition of H 3sCl ( 1251.480 94 GHz) (Ref. 23 > to yield an absolute frequency accuracy of less than 400 kHz for these transitions (absolute frequencies above 1350 GHz). A representative spectrum is presented in Fig. 1 . 
RESULTS AND ANALYSIS
Equilibrium geometry and nuclear spin statistical weights
The Fourier-transform microwave spectroscopy work of Klots et al. established the vibrationally averaged ground state geometry of Ar,HCl as a planar T-shaped asymmetric top of C,, symmetry. 24'25 Due to the fact that rotation about the C2 axis involves exchange of identical boson nuclei (4oAr; I=O) the total wave function must be symmetric with respect to this motion. Because the C2 axis corresponds to the a inertial axis in the ground state, nonzero nuclear spin statistical weights exist only for even Kp rotational levels.
Assignment techniques
Because of spectral congestion (typically > 400 absorptions/cm-I), varying experimental sensitivity, and the possible existence of perturbations that may destroy ordinarily recognizable features of the spectrum, the task of assigning the observed transitions to their upper and lower state rotational quantum numbers is extremely difficult. We have chosen the common practice of using known ground state energy levels (combination differences) as an assignment technique, while specifically tailoring the details of the method to the characteristics of the experiment and the system under study. As noted in the experiment section, the short-term (several minutes) frequency drift of the unlocked far infrared laser is extremely small ( < 100 kHz) and the long-term (day-to-day) drift is substantially larger (usually -1 MHz). Therefore, absorption features separated by less than 100 MHz are characterized by a very high relative frequency accuracy. The individual components of the nuclear quadrupole hyperfine structure associated with each rovibrational transition observed for ArzHCl therefore possess a very high internal frequency accuracy. In contrast, the rovibrational line centers are often separated by several thousand MHz and therefore possess a lower relative frequency accuracy. Rotational-hyperline energy levels of the ground state of Ar2HC1 were calculated from the work of .Klots et cd24 and experimental far infrared combination differences were compared to calculated values to obtain an assignment for the far infrared spectrum. Due to the very high spectral density, many coincidental (and incorrect) assignments maybe obtained from rotational combination differences alone. Although increased long-term frequency accuracy (as was obtained by referencing several absorptions to an internal standard for one of the bands) substantially reduces coincidental assignments, the inclusion of the very accurate hyperfine combination differences proved to be crucial in discriminating correct assignments from merely coincidental ones.
Reassignment of the in-plane bend
We previously reported an assignment and the corresponding molecular constants for a vibration (a b-type band centered at 37.2 cm-') we tentatively identified as the in-plane bend." Since that time, Cooper and Hutson2* have carried out more rigorous dynamical calculations on the spectroscopic properties of Ar,HCl, and these results suggested that some of the experimental conclusions reached for this state may be in error. The observed transitions for that band were subjected to the more rigorous combination difference method outlined above and it was indeed found that a few of the transitions had been misassigned. The properly assigned hypertine-free line centers (Table I) were fit to a Watson S-reduced Hamiltonian with the ground state constants held fixed at the values previously determined. In cases where particular distortion constants were not determinable from the data, these parameters were fixed to their ground state values. The nuclear quadrupole hyperhne coupling constants (xxx, xvv, and x,) were determined in a separate least-squares fit, with the line centers determined from the rotational fit. The first-order matrix elements of the nuclear quadrupole Hamiltonian were calculated in the coupled basis set IJKIF) (F=I+J; I=3/2 for both 35C1 and 37C1).27 The upper state coupling constants were fit with the ground state coupling constants held fixed at the values determined by Klots et aL24s25 The principal effect of the revised assignments on the previously reported molecular constants17 is that the fitted values determined from the off-diagonal matrix elements (oblate symmetric top basis) in both the rotational and nuclear quadrupole Hamiltonian matrices are changed. Therefore, vo, B,+ B,,, BP and xzz are essentially unchanged from the previous analysis while B,-By (and Table II and the hyperfine coupling constants are reported in Table V for both Ar3H 35C1 and Ar2H 37C1. In order to compare the experimental coupling constants to theoretical values, the following equations provide the relation between these constants and the relevant angular expectation values:
Here XHC] is the nuclear quadrupole coupling constant of the uncomplexed HCl monomer and (A( 0,$) ) =sin2 8 cos 24. The deviation of (P2( cos 0)) from unity is a measure of the bending amplitude of the HCl monomer, whereas the deviation of (A ( f3,#> > from zero characterizes the anisotropy of the torsional motion (positive values indicating in-plane localization and negative values indicating out-of-plane localization). The positive sign of the corrected (A (e,#> ) value (Table V) indicates that this state is indeed the in-plane bend.
The out-of-plane bend
The out-of-plane bend of Ar,HCl is characterized by very dense Q-branch structure (indicative of a c-type transition) and was observed around 45.2 cm-'. Due to the values of the upper state nuclear quadrupole coupling constants, it was possible to resolve all four of the strong AF = AJ hyperfine components for a large number of the rovibrational transitions. These transitions were assigned according to the method outlined above and are recorded in Table III . Once again hyperfme-free line centers were fitted to a Watson S-reduced Hamiltonian and the nuclear quadrupole structure was separately fitted as previously discussed for the in-plane bend. The results of the rotational fit are contained in Table IV for both the Ar,H 35Cl and Ar,H 37C1 isotopes. The results of the nuclear quadrupble hyperfine fit are compiled in Table V . Table IV that the rms errors from the rotational fits for the out-of-plane bend of Ar2HCI are substantially larger than would be expected from the experimental uncertainties. This effect is the signature of a strong heterogeneous perturbation, which is most likely due to a Coriolis interaction. In addition, the in-plane and Z bends are also expected to interact via a Coriolis mechanism, although the perturbation is not apparent simply from the residuals resulting from the zero-order rotational fit. We therefore turn to a general discussion of the possible and observed effects of Coriolis coupling in the Ar2HCI system.
The standard vibration-rotation
Hamiltonian used for the fitting of spectra usually neglects the Coriolis cross terms in the full Hamiltonian because such effects are often too small to be determined from experimental data. Although it is possible to treat these effects perturbatively, it is often desirable, especially in the case of fitting to high resolution data and/or strong mixing between states, to explicitly form the full Hamiltonian matrix and diagonalize to obtain energies. The exact form of the Coriolis operator depends on the form of the Hamiltonian usedwhich in turn is often determined by the most appropriate basis set-but it can be expressed generally as 0 Ji, where i=a, b, c (corresponding to the principal axes) and fl is a constant. The molecule-fixed axes for Ar2HCl (Ref. 17) correspond to the principal axes in the following manher for the states of relevance: x-a, y-b, and z++c. In the case of Ar2HC1, Cooper and Hutson" have used a diatomdiatom Hamiltonian, which results in two Coriolis operators: J l jArvk and J * j,,,. Because jHcl and especially j,-& are only approximate quantum numbers, essentially all states can couple through these operators. In order to determine the appropriate matrix element for any two interaction Ar,HCl vibrational states, the transformation properties of Ji in the molecular symmetry group C,,(M) must be considered. Because it can be shown that the Ji transform the same as the rotations," reference to the C,,(M) character table reveals J,, Jb, and J, transform as A,, B,, and B2, respectively. Therefore, in order to ensure a totally symmetric direct product (I'1 X I'Coeolis X I'2 =A,), the direct product of the two interacting states (I'1 X r2 = rhidk ) indicates the nonvanishing fi JP2 ' The symmetries of the lo-lowest-lying vibrational states of Ar,HCl, the nonvanishing Coriolis interactions, and the associated matrix elements (calculated in the oblate symmetric top basis) are presented in Table VI. Coriolis coupling: The in-plane and I; bends
The in-plane and B bends16 are coupled by a c-type Coriolis interaction, although the coupling is apparently relatively weak since both bands can be fit with good residuals to the zero-order rotational Hamiltonian parameters. An explicit deperturbation was attempted, using the appropriate form of the matrix element from Table VI, but the multiplying coefficient fl could not be determined from the data. Nevertheless, even in the limit of weak coupling, the rotational constants can be substantially affected by such an interaction by as much as a few percent. Because the calculations of Cooper and Hutson yield structural rotational constants,20 it is desirable to recover the structural contributions to the experimental rotational constants (which also include any dynamical effects) in order to makk the comparison between theory and experiment.
The J l jHcl contribution to the Coriolis coupling constant p can be estimated in the limit of free internal rotation of the HCl monomer (characterized by the angular momentum quantum number jHcl). At this point, it is not possible to reasonably estimate the magnitude of the J l jArmAr coupling, therefore, it is arbitrarily set to zero (although there is no real justification for this choice). Estimating p from the J*jHCI interaction alone yields B=Bi[2jH,i(jH,+1)11". For the particular case of coupling under consideration here, Bi was chosen to be the approximate structural rotational constant along the c axis (B,) . Since the Ar,HCl bending states of interest correlate to the j= 1 rotational state of the HCl monomer, /3 is simple two times the rotational constant. In direct fits to experimental data for the ArHCl system, the coupling constant between the B and II bends (to which the in-and out-of-plane bends of Ar,HCl correlate) has been determined to be 2833 MHz or 1.6 times the rotational constant. 29 The deviation of fl from 2B results from the breakdown of jHcl as a rigorously good quantum number, which is a consequence of the anisotropic potential. In an attempt to remove the effects of Coriolis coupling from the experimental rotational constants, we have refit the data with (Table VIII) ,2o it is interesting to note that the calculated difference between the in-plane and Z bend B, constants (21 MHz) is in much better agreement with the experimental difference for an assumed value of p= 1.3 B, (22 MHz) than for any of the other assumed values of beta. In addition, in order to appreciate the small magnitude of this interaction, the sum-of-squares wave-function amplitudes recovered from the matrix diagonalization for three rotational levels of the in-plane bend are also reported in Table VII . The small degree of mixing in the J=5 rotational level is particularly significant since the nuclear hyperflne quadrupole coupling constants for the in-plane and B bends were fitted from similar low-J rovibrational transitions. Therefore, the fact that the hyperfine structure could be accurately fitted without explicitly treating the Coriolis interaction is consistent with the notion that the perturbation is quite weak. Nevertheless, we again note that even this weak perturbation causes changes of -2% in the effective rotational constants determined from a fit of the data to a pure rotational Hamiltonian (B=O). For the purposes of comparing experimental and theoretical rotational constants in an effort to determine possible three-body effects in Ar,-HCl, neglecting Coriolis effects to the rotational constants that result in deviations as much as 2% from the corresponding "structural" values is an unacceptable approximation.
Coriolis coupling: The out-of-plane bend
The out-of-plane bend of Ar,HCl appears to be much more strongly perturbed, as is evidenced by the large residuals resulting from the zero-order rotational fit. In fact, the rms error is more than two orders of magnitude larger than the experimental uncertainties. In addition, although the uncertainties in the rotational constants reflect the poor fit, it should be noted that the results for the Ar,H 37C1 isotope cannot be obtained by simply mass scaling the ArzH 35C1 results, indicating that the fitted constants may be less reliable than the stated uncertainties reveal.
Unfortunately, the perturbing state is almost definitely one that carries little transition intensity of its own (a "dark" state). The calculations of Cooper and Hutson indicate that the first overtone of the "wagging stretch" (see Cooper and Hutson2' for an explanation of the heavy-atom vibrational modes) is the most likely candidate for the identity of the dark state.30 In fact, all possible perturbing states are heavy-atom vibrations whose motions do not result in an appreciable change in the dipole moment of the complex and are therefore "dark." Although there are many unassigned lines in the spectral region around the out-of-plane bend, it was not possible to definitively assign any of these lines to a possible perturbing state, and therefore it is not currently possible to perform a rigorous deperturbation of the spectra. In addition, it is difficult to provide an estimate for fi, since the coupling of the endover-end rotation to these motions is not easily represented in the otherwise-convenient free-rotor basis. However, it is worth noting that the fi parameter for the II bend-stretch interaction in ArHCl was experimentally determined to be about one-third of the value determined for the X-II bend interaction.2g Because of the smaller coupling coefficient, one would expect a bend-stretch interaction to be more localized (more dependent on near resonance) than a similar bend-bend interaction. It is of considerable interest to determine the probable energy separation of the two interacting states for the purpose of roughly locating the position of the "dark" state. By using features of the spectra to determine where the two interacting states "cross" (become resonant) one can obtain a qualitative estimate of the desired energy difference. Clearly, large residuals in the zero-order rotational fit indicate states which are more nearly resonant than states with smaller residuals. In addition, the observed nuclear quadrupole hyperfme structures are also determined by a linear combination of the pure "bright" and "dark" state hyperfme contributions. Consequently, large rotational residuals should correlate with large hyperflne residuals. It should be noted that the relative measured accuracy for the hyperflne energies (1 to 102) is much less than the relative measured accuracy for rotational energies ( lo4 to 105). Therefore, the hyperfine structure is not as sensitive to perturbations as are the rotational energies.
Unfortunately, only four transitions with exceptionally large rotational residuals ( > 60 MHz) have fully resolved (and therefore more accurately measured) hyperfine structure. By reference to Table I , it may be seen that the transitions which involve the 6i6, 717, 9,,, and loll0 upper state levels possess very large rotational residuals and it is these transitions for which fully resolved hyperfine structure has been measured. It is also of interest to note that the 6i6 and 717 levels are characterized by large positive residuals while the 919 and lOire levels are characterized by large negative residuals. This is suggestive of a "crossing" occurring around the 8,s level, which has thus far eluded assignment.
The nuclear quadrupole structure also shows evidence for strong mixing; these transitions are the only fully resolved hyperflne spectra which, upon inclusion in the hyperfine fit, did not yield residuals consistent with expected experimental uncertainties. In an attempt to further quantify the correlation between the rotational and hyperfine residuals, the upper state hyperfine coupling constants associated with these transitions were assumed to be the result of the following linear combination:
The xii for the out-of-plane bend were fixed at the experimentally determined values and the Xii for the dark state were assumed to be the same as for the ground state (a good approximation for the heavy-atom vibrational states in the limit of weak potential coupling to the HCl bending states). The hyperfine structure for each transition was subsequently fit, with c as the variable parameter. The determined c coefficients did indeed correlate with the rotational residuals, yielding values (rotational residuals in parentheses) of 0.27 (98 MHz), 0.55 (248 MHz), 0.36 (-181 MHz), and 0.34 (-162 MHz) for the 6t6, 7t7, 9tg, and 101iO levels, respectively. As a caveat, it should 'be noted that the quality of the fit was not sensitive to the xii values assumed for the dark state. However, this information is strong support for a fairly localized perturbation that is near resonant around the 8ts rotational level of the out-of-plane bend. Because the "crossing" occurs at a relatively low total rotational energy (about 4 cm-'), it is likely that the separation of the two interacting vibrational states is 1 cm-' or less.
Coriolis coupling: General conclusions
From the arguments presented above, it is apparent that Coriolis mixing in the Ar,HCl system can lead to substantial effects in the spectra through a subtle interaction (the in-plane-bend-z-bend interaction) or more obviously, through a strong perturbation (the out-of-plane- v=2 wagging stretch interaction). Although these instances should become more ubiquitous as the cluster size increases (due to an increase in the density of states), these interactions have been shown to have important effects on the spectra of all four prototypical binary systems mentioned in the introduction (ArHCl, ArHF, ArH20, and ArNHs) .'-l" Weak Coriolis interactions are particularly troublesome since it is often not possible to detect the existence of such coupling from fits to a purely rotational Hamiltonian, although the effects on the rotational constants can still be substantial. Accurate vibrational calculations for Ar,HCl have made an approximate understanding of these effects possible, although full rovibrational calculations will be needed to fully account for these interactions. We emphasize that similar considerations should be expected to be important for similar and larger systems and that these effects will likely ofen compromise a "structural" interpretation of experimental rotational constants.
Comparison of experiment and theory
Since all three Ar,HCl bending vibrations that correlate to the j= 1 internal rotational state of the HCl monomer (see Fig. 2 ) have now been measured, the experimental data set is sufficient to warrant a meaningful comparison with theoretical results. For the purposes of exploring the capabilities and limitations of various theoretical efforts, we have included comparisons with three different pairwise-additive calculations (Table VIII) . The three-dimensional ( Ar, clamped) dynamical calculations of Hutson, B&wick, and Halberstadt" using the H6(3) potentia131 are expected to be the least accurate results because of the dynamically approximate nature of the method and the use of the now-superseded H6(3) ArHCl pair potential. Also included for comparison are the recent calculations of Cooper and Hutson" which fully treat the five-dimensional dynamical problem. They have used a variational method with both the H6(3) and the more reliable H6(4,3,0) ArHCl pair potentials in order to determine the sensitivity of the molecular parameters to the ArHCl pair potential. Therefore, comparison between columns 2 and 3 in Table VIII indicate separately the effects of the dynamical approximation of Hutson, Beswick, and Halberstadt [for both calculations use the H6( 3) ArHCl pair potential] and comparison between columns 3 and 4 indicate separately the effects of the different pair potentials on the molecular parameters (for both calculations are dynamically rigorous).
It may be seen that there are fairly substantial differences-between the dynamically approximate and the full five-diiensional calculation, thus demonstrating the necessity of the computationally expensive calculation. In our previous analysis of the in-plane bend, *' we concluded that the experimental rotational constants indicated substantial potential coupling between the Ar, coordinates and the HCl bending motions and that for this reason more rigorous dynamical calculations were needed. The reassignment of the in-plane bend and the resulting molecular constants in this work does not compromise the logic of those conclusions, which were based on changes in the experimental rotational constants on the order of a few percent. However, the full dynamical calculations actually reveal very small potential mixing of these states.20 We have shown in this work that even weak Coriolis perturbations can lead to significant changes in the experimental rotational constants and that '%&uctural" conclusions based on small changes in the experimental rotational constants are, in fact, extremely tenuous. Indeed, inspection of the experimental and calculated rotational constants for all three excited bending states reveals some very substantial discrepancies, indicating the probable effects of Coriolis coupling. In order to allow comparison between experiment and theory for these very valuable parameters, it will be necessary to explicitly treat these Coriolis effect effects in future calculations.
The agreement between calculated and observed band origins and angular expectation values is qualitativeIy good. However, in the instance of agreement between the measured and calculated band origins, it should be noted that experimental uncertainties are on the order of less than 0.001 cm-' and the level of convergence for these calculated quantities2' is about 0.01 cm-', whereas the discrepancies between the measured and calculated values are larger than 1 cm-'. Therefore, it must be concluded that the pairwise-additive potential energy surface is not sufficiently accurate to obtain agreement with experiment. The comparison between calculations using the two differ-ent ArHCl potentials provides some measure of the possible discrepancies introduced by slight inaccuracies in the pair potentials. Although the differences resulting from the two calculations are non-negligible, it may be noted that the discrepancies between the two theoretical values are substantially less than the discrepancy between experimental and theoretical values. In addition, the results from the more accurate potential do not necessarily correspond with better agreement with experiment. Therefore, it may be concluded that potential inadequacies in the ArHCl pair potential cannot be entirely responsible for the theoreticalexperimental inconsistencies. However, the results of Cooper and Hutson2' indicate that the effects of three-body forces can indeed be of the same magnitude as the current disagreement between experiment and theory and that it should be possible to directly determine these forces from the spectra reported in this work. Such efforts are in progress.
